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The two main millennial-scale Holocene climate patterns or submodes are also significant at the multidecadal 
to century-scale level.
Large-scale climate patterns and modes are  important  instruments  to  charac-
terize prevalent teleconnections and their 
related  processes.  Their  correlation  with 
forcing  factors  constitutes  an  important 
element  of  climate  diagnostics.  The  in-









(Carlson et  al.  2008; Renssen et  al.  2007). 
Apart from the recent decades being influ-
enced  by  anthropogenic  forcing  climate 
change during the period of the last 7 ka 
was  dominated  by  the  decreasing  solar 













systems  transporting  more  moisture  to 
the corresponding continental areas. Posi-
tive  temperature  anomalies  in  the  area 
of the Indo-Pacific Warm Pool (IPWP) and 
negative  ones  in  the  eastern  Pacific  area 
predominated  (Xu  et  al.  2010;  Marchitto 
et  al.  2010)  and,  correspondingly,  the  El 
Niño  frequency  was  low  (Clement  et  al. 
2000;  Rein et  al.  2005).  For  the North At-
lantic area some studies (e.g. Rimbu et al. 
2003)  show  that  positive  North  Atlantic 
Oscillation/Arctic  Oscillation  (NAO/AO) 
indices dominated during the early Holo-
cene.  No  information  is  available  for  the 
Atlantic  Multidecadal  Oscillation  (AMO; 
Schlesinger  and  Ramankutty  1994).  Even 
more  uncertainties  exist  in  the  Southern 
Hemisphere subtropics and midlatitudes.
An  almost  opposite  pattern  existed  dur-
ing the Neoglacial (Fig. 1b). The Intertropi-
cal Convergence Zone  (ITCZ)  shifted  to a 
more  southerly  position,  the  Afro-Asian 
summer monsoon  systems  were  less  ac-
tive,  and  the  corresponding  continental 
areas were exposed to an  increasing dry-
ness  (Gasse et  al.  2000; Haug et  al.  2001; 
Wang et al. 2005). A warmer eastern tropi-
cal Pacific and a higher El Niño frequency 




A multi-decadal to century-scale 
Holocene mode explaining 
climate shifts?
In  addition  to  the  orbitally  driven  solar 
insolation changes  the patterns  in Figure 
1  were  also  determined  by  internal  vari-
ability,  which  strongly  depends  on  spe-




istic  temperature  and  humidity  patterns 
may have occurred, which could be inter-
preted  as  climate modes  (Stephenson  et 
al. 2004). One possible way to study long-
term global climate variability and change 
is  to  investigate  the  dynamical  modes 








eas. The most  important mode  is  located 
in  the  Pacific,  the  area  with  the  highest 
sea  surface  temperatures.  Its  orientation 
is  mostly  zonal,  and  it  encompasses  the 
IPWP and  the ENSO system,  including  its 









ing patterns  in  Figure 1? A first option  is 
to  investigate  whether  or  not  the  two 
modes  are  correlated  and  interact  in  a 













cal  volcanic  eruptions  (Robock  and  Mao 
1995; Fischer et al. 2006) the lower strato-
sphere  is  heated  more  over  the  tropical 
regions  than  near  the  poles,  which  ac-
celerates  the  wintertime  polar  vortex. 
Through downward propagation, this can 














forcings  affect global  climate via  altering 
ENSO is debated (Adams et al. 2003; Mann 
et  al.  2005;  Meehl  et  al.  2009).  At  least 
during the early Holocene periods of  low 
solar  activity  corresponded with  El-Niño-
like  (warm)  conditions, weak Asian mon-
soons and  low SSTs  in  the North Atlantic 
(Marchitto et al. 2010).
A  third  option  is  to  study  the  fre-
quency  and  the  strength  of  important 
modes  during  periods  with  predominat-
ing warm or cold temperature anomalies. 






















posed  to  have  persisted  throughout  the 
Holocene.  These  cycles  were  thought  to 
be the Holocene equivalents of the Pleis-
tocene Dansgaard-Oeschger cycles  (Alley 





possibly  triggered by  solar  influence.  Re-
cent  studies  show  that  different  dynami-




the  last  2  ka  included  two  warmer  (Ro-
man Warm Period RWP, Medieval Climate 
Anomaly  MCA)  and  two  cooler  periods 





the  MCA  (Steinhilber  et  al.  2009),  and  a 
shift  from positive  to negative NAO  indi-
Figure 1: Climate patterns of the Holocene Thermal Maximum (~7-4.5 ka BP; Ljungqvist 2011), and the Neoglacial, which started around 4.2 ka BP and ended with the modern 





western  North  America  during  the  RWP 
(Routson et al. 2011) and during the MCA 
(Seager  et  al.  2007),  possibly  linked with 
La Niña-like conditions and positive NAO 
indices.
Interestingly,  a  rapid  shift  to  more 
humid  conditions  was  observed  during 





was  characterized  by  a  coincidence  of 
large explosive volcanic events and strong 
solar  minima  (Breitenmoser  et  al.  2011). 
While during the MPC a remarkable GSM 
took place around AD 650  (Steinhilber et 




LIA  transition  were  exposed  to  stronger 
forcings and show patterns similar to the 
millennial scale ones in Figure 1a and b. 





specific  submodes  of  Holocene  climate, 
the question can be asked whether one of 
them could dominate in the future under 
the  influence  of  anthropogenic  climate 
change.
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